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GENERAL INTRODUCTION 
The digitalisation of crop and livestock farming processes has been discussed intensively for 
the last two to three years. Under this term, many different developments in automation, data 
collection and services, as well as the connection of different stakeholders in agricultural supply 
chains are subsumed (Kunisch, 2016). Closely related to the process of digitalisation is the idea 
of the Internet of Things, which is a concept of “the pervasive presence around us of a variety 
of ‘things’ or ‘objects’, such as RFID, sensors, actuators, mobile phones, which, through unique 
addressing schemes, are able to interact with each other and cooperate with their neighboring 
‘smart’ components to reach common goals” (Giusto et al., 2010).  
One of the central technologies and driver of a things-oriented perspective of this concept is 
radio-frequency identification (RFID) (Atzori et al., 2010). Radio-frequency identification uses 
electromagnetic waves for data exchange between transponders (so-called tags), which carry 
an unique identification number, and readers, which are connected to databases and information 
systems (Roberts, 2006). Items labelled with an RFID tag communicate virtually with each 
other and with the operator of the system by transmitting information about their location and, 
in some cases, additional status data when they are registered by a specific reader in a known 
location. Thus, RFID is the starting point of an Internet of Things as a network of items sharing 
their information with everyone having access to this information system (Atzori et al., 2010). 
Through automatic identification, RFID also minimises the gap between object and information 
layer in production, trade or control processes (Kern, 2007). In this way, the expense for data 
collection, the occurrence of identification and documentation errors, and the effort spent on 
controls can be reduced strongly.  
The sharing of information between all actors in a supply chain and, even more, the assurance 
of traceability from suppliers to producers, then to processors and, finally, consumers are key 
issues, especially in food production. The benefits of animal traceability in livestock farming 
are widely acknowledged for the control and tracking of disease outbreaks (Caporale et al., 
2001). Furthermore, information on production numbers, product quality and availability is 
valuable for all members of the supply chain to optimise production and marketing plans. A 
gapless traceability is essential and also allows for higher profitability for the marketing of 
products with guaranteed proof of origin (Dickinson and Bailey, 2005). These circumstances 
support the use of RFID systems in livestock and food production and will probably cause an 
increased usage in the future. However, when the electronic identification of animals 
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incorporating RFID is used, there is an added value besides efficient traceability that can be 
exploited, for example, in precision livestock farming (PLF) systems.  
The general concept of PLF is based on the principles of process engineering and control theory. 
Animal husbandry systems are considered as complex and parallel processes with various input 
and output variables that are measured with different sensors and then processed in a control 
system. The overall objective of this approach is the optimisation of husbandry systems in terms 
of animal welfare and health, environmental impact and productivity (Wathes et al., 2008). 
Using RFID could be a central part of the sensor network in these systems, not only to identify 
the individual animals, but furthermore as a tool for behaviour monitoring through the 
registration of animals at certain points in their environment (e.g. the barn). This means that 
animals would partly control their environment themselves by delivering input to control 
mechanisms, for example, for the feeding or ventilation system (Wathes et al., 2008). Together 
with the concept of delivering information about the production process along the supply chain 
and for herd management on the farm, RFID would, thus, integrate PLF with the idea of the 
Internet of Things. 
Radio-frequency identification has been used in animal husbandry for about 40 years. 
Agricultural engineers were among the first adaptors of RFID for applications in animal 
husbandry in the 1970s when animal traceability was not prominent and RFID technology was 
only in the transition stage from research to application. A conference was held in The 
Netherlands in 1976 where research groups from the USA, the UK, The Netherlands, and 
Germany presented their first developments for the identification of cows (Instituut voor 
Mechanisatie, Arbeid en Gebouwen, 1976; Rossing, 1999). These first systems were designed 
mainly for the individual feeding of concentrates and for identification of the cows in the 
milking parlour to track individual milk production (Duinker, 1976). Both applications were 
not only conceived to improve the efficiency of milk production and increase the milk yield, 
but the researchers were also already working on integrating the identification technology into 
herd management software (Duinker, 1976). A clear additional benefit of electronic animal 
identification with a perspective towards today’s research into intelligent digital networks and 
systems is already evident here.  
Some of the first cow transponders were already working passively without external power 
supply, which is still an enormous advantage today regarding durability compared to battery-
supported technologies. The transponders were mainly attached to collars, but experiments 
were also made with boluses for insertion into the rumen and with subdermal implants. The 
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successful development of smaller transponders at low cost for use in ear tags, which are the 
devices most commonly used for visual and electronic animal identification nowadays, and 
small subdermal implants was enabled by use of integrated circuit technology in the 1980s 
(Rossing, 1999). This was followed by the fast growth of the market for electronic animal 
identification. The ISO standards 11784 and 11785, which define the code structure and the 
technical concept of animal identification with passive RFID, were established in 1996 
(Schwalm and Georg, 2011). These technical standards specify an operating frequency of 
134.2 kHz for the animal RFID systems. This frequency is categorised as low-frequency (LF) 
RFID. The LF-RFID technology has spread to many applications, from driving races for the 
sorting of sheep, through electronic sow-feeding stations to the identification of cows at milking 
robots and sorting gates. It is also basis of worldwide regulations for mandatory electronic 
animal identification.  
With the operation frequency of an RFID system also functional characteristics are connected. 
The data exchange rate decreases with lower operation frequency (Kern, 2007). Thus, the 
registration of a single transponder takes a relatively long time in LF-RFID systems, 
consequently, anti-collision algorithms are only inefficiently applicable (Burose et al., 2010). 
An alternative way to obtain simultaneous identification of multiple transponders with this 
technology is by using multiple readers or reader antennas and multiplexers, thus, a single 
animal can be identified with each antenna (Brown-Brandl and Eigenberg, 2011; Rößler et al., 
2011). This naturally causes increased hardware expenses compared to systems using anti-
collision algorithms. Furthermore, the read range of an LF-RFID system is limited to 
approximately 0.2 to 1.0 m, depending on the reader antenna and transponder used (Ruiz-Garcia 
and Lunadei, 2011).  
These characteristics become limiting factors when thinking about new applications of RFID 
technology regarding monitoring the behaviour of animals. Animals are kept in groups in most 
husbandry systems, so that simultaneous identification is necessary in many cases. 
Consequently, researchers carried out experiments with high-frequency (HF, 13,52 MHz) RFID 
systems, which allow for the use of anti-collision algorithms. Thurner et al. (2010), for example, 
detected laying hens at a pop-hole leading to an open-air area. Due to the possibility of detecting 
several hens at a time, the pop-holes could be enlarged significantly, compared to a previous 
version with LF-RFID, to minimise the influence of the observation technology on the 
behaviour of the hens (Thurner et al., 2010). Reiners et al. (2009) and Maselyne et al. (2014; 
2016a) measured the feeding and drinking behaviour of weaned piglets and growing-finishing 
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pigs at a round trough and nipple drinkers with HF-RFID. The results of these studies are very 
promising, however, the read range of HF-RFID systems is approximately the same as LF-
RFID, because both technologies work with inductive coupling in the magnetic near-field of 
the reader antenna. Therefore, the suitability of HF-RFID for continuous observation of the 
whole living environment of the animals is limited. 
Ultra-high frequency (UHF, 860 – 960 MHz) RFID systems offer a high read range of typically 
more than 3 m, depending on the application and the hardware used, and also a very high speed 
of communication, theoretically facilitating the detection of several hundred transponders per 
second (Ruiz-Garcia and Lunadei, 2011; Namboodiri et al., 2012). Nevertheless, the advantages 
of UHF-RFID cannot often be utilised completely because of the negative influence of body 
tissue near the transponders (Lorenzo et al., 2011), but recent advances in the technology 
support a positive perspective of an introduction of UHF-RFID to livestock farming (Umstatter 
et al., 2014).  
The first UHF-RFID products, mainly ear tags for cattle and some for pigs and sheep, have 
been commercially available for a few years. Several scientific and industrial projects have also 
tested UHF-RFID equipment for use with cattle, pigs, sheep and deer (Moxey, 2011; Stekeler 
et al., 2011; Baadsgaard, 2012; Hogewerf et al., 2013; Pugh, 2013; Rosei Project Group, 2013). 
The focus was on traceability and the simultaneous detection of animals in all these projects. 
Behaviour monitoring with UHF-RFID has not yet been tested. The results of the experiments 
carried out also showed that further research is necessary to achieve reliable identification of 
UHF transponder ear tags. Furthermore, most of the equipment, transponder ear tags, readers 
and antennas were not perfectly adapted to the harsh conditions in livestock farming. 
Against this background, a joint research project was started in 2012 with the aim of developing 
UHF-RFID readers, antennas and passive transponder ear tags especially for use in cattle and 
pigs (Federal Office for Agriculture and Food, 2012). The scientific focus of this project was 
the development of methods for the testing and assessment of the new technical components 
and the test of practical applications. This thesis presents a part of the research carried out within 
the frame of the project. Dynamic tests, simultaneous identification of cattle and pigs, and a 
cost-benefit analysis of the UHF system for behaviour monitoring and management were part 
of another work (Hammer et al., 2015; Hammer et al., 2016a; Hammer et al., 2016b). This study 
concentrates on the methodical aspects of static tests of UHF transponder ear tags and the 
practical application of the technology in behaviour monitoring. 
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The overall objective of this thesis was to determine characteristics of UHF-RFID transponder 
ear tags that are beneficial for the adaption of this technology for use in livestock management 
and the assessment of the general suitability of UHF-RFID for behaviour monitoring of farm 
animals. 
A method for static tests of UHF transponder ear tags is presented in Chapter 1. These tests 
facilitated the evaluation of the reading area of the ear tags by measurements of read range and 
received signal strength indicator (RSSI) in different orientations to the reader. In Chapter 2, 
these tests were complemented by measurements of the influence of ear tissue on the 
performance of the transponder ear tags. A practical application of these ear tags and of a 
complete UHF-RFID system is shown in Chapter 3. Here, the registration of trough visits of 
growing-finishing pigs was examined as a first approach to monitor animal behaviour with a 
UHF-RFID system. 
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GENERAL DISCUSSION 
This thesis presented methods to measure the performance of UHF-RFID transponder ear tags 
with and without the influence of ear tissue, and the test and validation of a UHF-RFID system 
for behaviour monitoring of growing-finishing pigs. In the following, additional aspects, which 
were not covered in detail in Chapter 1 to 3, and the general suitability of UHF-RFID for 
application in livestock management will be discussed comprehensively. Some additional 
results will be presented and suggestions for further research to improve the experimental 
methods, technical components and data analysis will be given. 
1 Experimental methods 
1.1 Static test bench 
The static test bench, which was presented in Chapter 1 and used for measurements of the 
influence of ear tissue on the performance of UHF transponder ear tags in Chapter 2, is different 
to standardised methods of transponder performance measurements. The read range of UHF 
transponders is generally measured with anechoic chambers or with transverse electromagnetic 
cells (Rao et al., 2005). These ensure measurements in an environment almost free of multipath 
signals that can affect the measurements. The read range is measured in these chambers by step-
wise reduction of the antenna output power. The maximum read range is represented by the 
lowest output power at which the transponder still responds to the reader signal. A theoretical 
read range can be calculated for any level of antenna output power by considering the distance 
between the reader antenna and transponder in the chamber, and for all directions of view by 
rotating the transponder. In addition, a read range profile of the transponder in a certain 
frequency range can be measured by varying the transmission frequency (Rao et al., 2005; 
Nikitin and Rao, 2006; Derbek et al., 2007). Thus, a comprehensive analysis of transponder 
performance is possible using this method.  
On the other hand, direct performance measurements have clear advantages, such as those with 
the test bench presented. These measurements can take place in an environment similar to the 
targeted environment of application and the shape of the reading area can be measured directly. 
This makes measurements with different numbers and arrangements of antennas possible to 
evaluate, for example, the shape and overlap of reading areas in an antenna grid for cell of 
origin localisation (Adrion et al., 2016). Hence, not only transponders, but also reader antennas 
can be compared on such a test bench in terms of performance and geometry of the reading 
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area. The influence of reflections from the surroundings can also be visualised. As long as these 
reflections do not change significantly during a test, comparisons between transponders are not 
impaired. In addition, fuzzy outer regions of the reading area, where readings only take place 
in the case of positive interference of the multipath signals, can be identified and give an 
estimation of the expectable variance of read range in the practical application due to this effect.  
However, for measurements in which the transponders are not tested in free air, a reduction of 
reflections in the surrounding area by partly encasing the test bench with absorbing materials, 
which are typically polymers filled with ferrite or carbonaceous particles (Qin and Brosseau, 
2012), could improve the precision of the measurements. The results presented in Chapter 2 
indicate that pig and cattle ears have a strong influence on the transponder performance, partly 
originating in the absorption of multipath signals. A reduction of these signals could make 
differentiation between the influence of multipath absorption and the direct influence of the test 
materials by absorption of radiation from the reader, gain penalty and tag resonance shifting 
possible. Due to the high costs of HF-absorbing materials, installation should be carried out 
initially at the back side of the test bench, opposite to the reader antenna, and subsequently at 
other locations where a major part of the reflections can be expected. The absorber material 
should be mounted in a way that it can be shifted and removed easily to be adapted to current 
experimental objectives. 
In summary, the static test bench constituted the basis of transponder evaluation and comparison 
during the research project and produced valuable information for the comparison, choice and 
further development of UHF transponder ear tags. Even though its measurement results are not 
generalizable, the test bench is a reasonable compromise between financial and methodical 
expense and the accuracy and benefits of the results. 
1.2 Measurements with animals’ ears and tissue models 
It was concluded from the tests with ears and tissue models presented in Chapter 2, that the 
positioning of the ear tags on the ears probably did not exactly reproduce the conditions with 
live animals’ ears, especially in the tests on the back side of pig ears. A possible approach to 
represent the real application better could be to not only use the female part of the ear tag, into 
which the transponder is integrated, but to apply the complete ear tag (male and female part) as 
it would be done with animals. The ears, therefore, would have to be prepared with a hole at 
the position desired. Additionally, the ear tags would have to be manipulated in such a way that 
the connection between the male and female part could be easily disassembled. A specially 
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prepared male part could be used with all female ear tags to be tested to ensure comparable 
mounting and a fast changing of ear tags between test-runs. Furthermore, the ears should be 
rather hung up or at least fixed on the top of the holder to prevent their deformation due to their 
weight. In this way, the ear tags could be mounted on the ears, as they are on the animal in 
practice.  
The second methodical conclusion drawn from the tests with ears and tissue models was that 
the tissue models did not represent the properties of the cattle and pig ears well. A solution for 
this would be not only to search for a material that fits the dielectric properties of the ears 
perfectly, but to shape the tissue models in a similar way to real pig and cattle ears. Kuster and 
Burkhardt (2000) pointed out that, in most cases, electromagnetic phantoms with simplified 
ears were used for measurements of the specific absorption rate of human heads, and that may 
have underestimated exposure in some cases. Based on numerical simulations, the authors 
proposed the composition of an experimental model of the human ear to reproduce the shape 
and dielectric properties of the pinna well, and include the influences of air cavities in the inner 
ear. The process of designing a numerical tissue phantom as a basis for the creation of an 
experimental model is complicated and relies on detailed magnetic resonance imaging (Kuster 
and Burkhardt, 2000; Christ et al., 2005). A sufficient variety of differently shaped pig and 
cattle ears would have to be evaluated to extract the average anatomical properties for the 
creation of the model. This simplification would lead to a much higher repeatability of 
measurements compared to those with real ears (Christ et al., 2005). It is questionable though 
whether this major effort would be worth the investment regarding a method for electronic ear 
tag optimisation. Since no health-relevant absorption measurements have to be conducted, and 
only the general function of the electronic ear tags near ear tissue is of interest here, the costs 
of numerical simulations and the generic phantom material would probably exceed the benefits. 
The optimisation of the measuring method with fresh pig and cattle ears, presented in Chapter 
2, regarding the influence of multipath signals and the mounting of the ear tags seems more 
promising. Of course, a sufficient number of different ears have to be used in each test to 
represent their natural variation adequately and to allow for sound statistical test designs. Tests 
of the ear tags in animal trials could also be reduced using this method, which is highly 
favourable from the viewpoint of animal protection and to reduce research costs. 
In conclusion, the first measurements of the influence of pig and cattle ears on the performance 
of UHF transponder ear tags delivered an estimation of the extent of this influence and provided 
new insights for understanding the performance of the ear tags in practice. However, further 
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improvements, as discussed above, must be made and the results validated in practice to fully 
establish this method of measurement as a part of UHF transponder ear tag development. 
1.3 Validation of the RFID system for behaviour monitoring 
In Chapter 3, a UHF-RFID system was tested and validated for the detection of trough visits of 
growing-finishing pigs. The validation was carried out by a comparison of video and RFID 
data, which is a standard method for such systems that has been applied for cattle and pigs 
(DeVries et al., 2003; Chapinal et al., 2007; Reiners et al., 2009; Brown-Brandl and Eigenberg, 
2011; Maselyne et al., 2014). The video analysis conducted in Chapter 3 only distinguished 
whether a pig was in the target area, but did not determine whether it was feeding. Since the 
RFID system was not able to distinguish between feeding and non-feeding events, too, this was 
not per se detrimental for the current analysis. However, a more detailed behaviour scoring in 
and around the target area, in this case – the trough, would be necessary to analyse whether a 
certain behaviour contributes especially to false negative or false positive registrations. 
Maselyne et al. (2016b) could, thus, identify the most important behaviours that led to false 
identifications, which were exploratory and agonistic behaviour, and inactivity (including lying, 
standing, sitting, kneeling, urinating and defecating) in their study. Moreover, the reading area 
of the RFID system could be adjusted at certain locations, for example, at a nipple drinker, in a 
way that the probability of registering a pig only when it is drinking could be relatively high. 
Thus, it would be interesting to calculate performance measures not only for the presence of 
the animals in the target area, but also for real drinking events. The video analysis should be 
adapted accordingly in further studies. 
The validation in this study was conducted shortly before the end of the fattening period of the 
test animals. Since UHF-RFID ear tags are influenced by the surrounding ear tissue, it is 
possible that this influence changes the performance parameters over the fattening period due 
to the growth of the animals, especially their ears. The validation of the system should be 
conducted, at least at the beginning and the end of the fattening period, and desirably also in 
between, to measure this effect. In addition, the transponder ear tags should be tested in the 
laboratory, for example, on the static test bench, before and after the experiments to detect 
performance changes due to damage of the transponders. This information would be very 
important to further develop the ear tags in terms of sensitivity to ear tissue and durability. For 
the latter, the lifetime of the animals should be the minimum period (ISO TC23/SC19/WG3 
Project Team on Additional Technologies, 2014). However, these effects would not be 
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detrimental for behaviour monitoring if they had a consistent development over time. In this 
case, they could be extracted from the data together with all other effects that change constantly 
over time and, thus, would not affect the creation of, for example, health prediction models. 
Two comparatively simple methods have been used for the estimation of a bout criterion to 
create visits from the RFID raw data, following Brown-Brandl and Eigenberg (2015) and 
Maselyne et al. (2016b). The trough visits must not be equated with meals, which are 
theoretically defined as “a group of sequential feeding visits during which the animal can 
perform other behaviours such as drinking, but is still busy with the concept of eating” 
(Maselyne et al., 2016b). Accordingly, meals represent a biological concept of feeding 
behaviour and summarise single events of feed intake. Meals are more difficult to define than 
feeding or trough visits. The determination of a meal criterion from feeding data is conducted 
mostly mathematically, considering meals to be either randomly (Poisson) distributed or based 
on the concept of satiety (Maselyne et al., 2015). The concept of satiety hereby seems to be 
more congruent with biological findings (Tolkamp et al., 1998). Tolkamp et al. (1998) and 
Tolkamp and Kyriazakis (1999) estimated a meal criterion by investigating the frequency 
distribution of log-transformed feeding interval lengths, an approach that fits the concept of 
satiety well. The distributions obtained had mostly two local maxima, one for within-meal 
intervals and one for between-meal intervals, and a minimum in between, which determined a 
suitable meal criterion (Fig. 1). It would be interesting to analyse the raw data from a RFID 
system in the same way. In contrast to the data of Tolkamp et al. (1998), which originated from 
a monitoring system that measured complete feeding visits, RFID raw data consist of single 
registrations which are completely disaggregated. Thus, the frequency distribution of the log-
transformed registration interval lengths might show three local maxima: one for within-visit 
intervals, one for between-visit or within-meal intervals, and one for between meal intervals. In 
this way, a visit and a meal criterion could probably be obtained in one analysis. 
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Fig. 1 Observed values (bars) and probability density function of the fitted log normal model 
of feeding intervals of dairy cattle (Tolkamp et al., 1998). 
 
In conclusion, the validation of the UHF-RFID system presented here can be seen as a first step 
of the assessment of UHF-RFID for behaviour monitoring of livestock. The methods used could 
prove that UHF-RFID is generally suitable for this task, but the improvements of the validation 
process mentioned above must be applied for a more comprehensive evaluation. In addition, 
the validation should be extended to different species, especially cattle, and to different kinds 
of observation locations, such as drinkers and playing devices, and whole barn compartments, 
such as lying areas. Moreover, a deeper investigation of visit and meal criteria could lead to 
interesting results not only for the characterisation of animal behaviour, but also for the finding 
of informative variables for models monitoring health. 
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2 Possible range of applications and general suitability of UHF-RFID for the 
identification of livestock 
The strengths and weaknesses of UHF-RFID technology for electronic animal identification 
have been demonstrated with measurements in the different parts of this thesis. In the following, 
these aspects will be discussed in summary, accompanied by additional results, to give a more 
detailed picture of the suitability of UHF-RFID for different applications in livestock farming 
at the current state of development and to give an outlook to future developments. 
2.1 Mandatory animal identification 
The simultaneous registration of groups of animals over variable reading distances using UHF-
RFID offers a range of new applications for electronic animal identification. However, these 
additional possibilities are not decisive for the official accreditation of the technology. There 
are several basic requirements that an electronic identification technology has to fulfil before it 
can be approved for use in accordance with regulations for animal identification. The ISO 
project team on additional applications for electronic animal identification defined such 
requirements (ISO TC23/SC19/WG3 Project Team on Additional Technologies, 2014): 
- Retention: The new technology should last at least for the lifetime of an animal. 
- Readability: The visual and electronic readability has to be maintained in various 
climatic conditions (cold to hot, arid to humid, rain and snow, high exposure to 
ultraviolet radiation) and in various environments (e.g. barn, sales market, abattoir). 
- Interoperability: Hardware and software of the new technology should be designed so 
that they can operate parallel to current standard technology without impairing its 
function.    
- Compatibility with ISO 11784: The new technology has to be integrated with the current 
numbering scheme for official animal identification. 
Additional requirements that are not mentioned in this document are, for example, mechanical 
and electronic protection of electronic ear tags against fraud, animal friendliness regarding the 
attachment to the ear and chemical safety. These requirements together with interoperability 
and compatibility are rather basic aspects that should be comparatively easily addressable for 
UHF developers due to the experiences made with LF-RFID. By contrast, extensive tests are 
demanded for proof of sufficient durability and readability. Regarding pigs for meat production 
(weaners and growing-finishing pigs), for example, at least 10,000 devices should be tested on 
a minimum of ten farms on at least two continents, covering northern and southern climates, 
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for a period of at least three years (ISO TC23/SC19/WG3 Project Team on Additional 
Technologies, 2014).  
Considering the results presented in this thesis and by Hammer et al. (2015; 2016a; 2016b), and 
the results of other projects (Moxey, 2011; Baadsgaard, 2012; Hogewerf et al., 2013; Pugh, 
2013; Rosei Project Group, 2013), UHF-RFID for animal identification is still at an early stage 
of development and further progress has to be made to meet all the requirements for official 
use. The readability and retention of ear tags, especially, and the adaption of readers and 
antennas to the harsh environmental conditions in animal husbandry are not sufficient yet. 
Because of this and the high efforts of official testing, it is more likely that the first commercial 
applications of UHF technology will be in on-farm livestock management. If the technology 
proves its suitability there, the accreditation for official use will also be achievable. 
2.2 Behaviour monitoring in comparison with LF-RFID 
The simultaneous identification of animals is hardly possible with LF-RFID, at least when using 
just one antenna, thus, UHF-RFID should be more appropriate for the observation of locations 
that can be accessed by more than one animal at a time. However, a parallel comparison of the 
two technologies for this application has not yet been carried out. First of all, the performance 
of both technologies is of interest especially at small registration areas which can only be 
accessed by two to four animals at a time. During the experiment presented in Chapter 3 a 
parallel observation of a playing device for growing-finishing pigs with LF-RFID and UHF-
RFID was carried out to investigate this. A short overview of these tests is shown here. 
An LF antenna (purpose-built APA204, 41 x 21 cm, Agrident GmbH, Barsinghausen, 
Germany) was placed on the left side and a UHF antenna (MIRA-100-circular-ETSI, Kathrein 
RFID, Stephanskirchen, Germany) was placed on the top of the straw-filled metal container 
(“Porky Play”, Zimmermann Stalltechnik GmbH, Oberessendorf, Germany) for the experiment 
(Fig. 2). The LF antenna was operated by a reader with a multiplexer (ASR550 and AAS100, 
Agrident GmbH, Barsinghausen, Germany) and the UHF antenna was connected to the same 
reader as the trough antennas in Chapter 3. The UHF antenna was operated with 23.4 dBm 
output power and circular polarisation, the rated carrier power of the LF antenna was 
approximately 43.2 dBµA/m at 10 m distance. Between one and two registrations of a 
transponder could be registered per second using the LF system. All 25 pigs in the test pen were 
tagged with a half-duplex LF ear tag (type HP, Allflex Europe SA, Vitré, France) in the left ear, 
so that the focus animals had a LF ear tag in the left and a UHF ear tag in the right ear. The 
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playing device was 60 cm long, 50 cm wide and 100 cm high. A half circle with a radius of 
45 cm around the centre of the UHF antenna was defined as the target area for registration. This 
included a small area in front and a very narrow strip of floor to the left and right of the playing 
device, where the pigs were often feeding on spilled straw. The rest of the test set-up and the 
test procedures were the same as in Chapter 3. A brief excerpt of the data of seven focal animals 
on test day 6 is shown in the following. One focal animal which was excluded from the analysis 
in Chapter 3, because its ear tag lost its function later in the experiment, was included in this 
analysis. The raw registrations were aggregated to visits with a minimum duration criterion of 
1 s and a bout criterion of 70 s, which was determined with the graphical method of Brown-
Brandl and Eigenberg (2015), for the calculations of the performance parameters. Additionally, 
the coefficients of determination (R²) of linear regressions of the number of registrations (RFID 
raw data) and the total daily duration (TDUR) of the RFID visits against the TDUR of the video 
data were calculated. 
 
 
Fig. 2 Mounting positions of UHF-RFID antenna (right circle) and LF-RFID antenna (left 
circle) at the playing device (“Porky Play”, Zimmermann Stalltechnik GmbH, Oberessendorf, 
Germany) (Picture: Florian Eckert, 2015). 
 
The LF- and UHF-RFID registrations of the seven focal pigs are shown in Figure 3 for a period 
of 4 h on day 6 of the experiment. It can be seen that the LF system recorded more registrations 
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than the UHF system. A total of 6,239 registrations of the seven focal pigs were registered with 
the LF system, but only 2,243 with the UHF system between 11:00 and 22:00 on that day. Some 




Fig. 3 The LF- and UHF-RFID registrations (raw data) at the playing device in combination 
with video data. Data of the seven focal pigs on day 6 between 16:00 and 20:00. 
 
The coefficients of determination (R²) of the linear regressions of the number of RFID 
registrations against the TDUR of the video data were also higher for the LF system. However, 
the coefficients of determination of the linear regressions of the TDUR of the RFID visits 
against the TDUR of the video data were much closer together (Table 1). The analysis of the 
performance parameters for the visits created from the raw data of both RFID systems showed 
that the LF system performed better in terms of sensitivity, while specificity, accuracy and 
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precision were within the same range for both systems. Precision was below 60 % for both 
systems, indicating that the number of false positives was high, similar to the measurements at 
the trough in Chapter 3. 
 
Table 1 Mean ± SD of sensitivity, specificity, accuracy and precision of the RFID visits to the 
playing device calculated with a minimum duration criterion of 1 s and a bout 
criterion of 70 s for the LF and UHF antenna, and coefficients of determination (R²) 
of the linear regressions of the number of registrations (RFID raw data) and the total 
daily duration (TDUR) of the RFID visits against the TDUR of the video data; data 
of seven focal pigs on test day 6. R² of non-significant regressions were removed 





Specificity   
[%] 










UHF 62.5 ± 15.5 98.9 ± 0.7 97.7 ± 1.4 58.9 ± 25.1 n.s. 0.83 
LF 85.5 ± 10.7 98.5 ± 0.5 98.2 ± 0.6 56.3 ± 19.5 0.91 0.95 
 
The results showed clearly that the pigs’ visits to the playing device were monitored by the LF-
RFID system very well. Only the specificity and precision of the LF visits indicated a high 
number of false positives. Since only one antenna variant was tested with each system, it cannot 
be stated that the UHF system will generally perform worse than the LF system at this location. 
A different type or position of the UHF antenna or a different UHF ear tag may have resulted 
in a better performance. However, it is obvious that LF-RFID profits a lot from the low energy 
absorption rate of the ear tissue at its operation frequency. This allows for registrations of the 
transponders even when they are covered by tissue. On several occasions, two pigs were visiting 
the device simultaneously (Fig. 3). That did not impair the performance of the LF system very 
strongly. Focal pig no. 2 and 3, for example, were partly registered quasi-simultaneously during 
their visit around 16:45.  
This example underlines that further research is needed to increase the reliability of registration 
for the UHF system, especially by the development of ear tags that are less sensitive to ear 
tissue. Further tests should also be conducted at locations which are visited by a higher number 
of pigs simultaneously to investigate how many pigs can be identified in parallel by the LF 
system despite collisions in the communication process between the transponders and the 
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reader. Thus, how many animals have to be identified in parallel to really profit from the 
simultaneous identification of transponders with the UHF system could be determined. It is 
conceivable that both technologies could be used in parallel on farms, each where it performs 
best. 
2.3 Monitoring and prediction of animal health and welfare  
Animal behaviour can be an indicator of illness and welfare problems (Weary et al., 2009). The 
behavioural data recorded using RFID systems could, thus, be used in automatic monitoring 
systems that support the farmers in their daily observations of the animals (Frost et al., 1997; 
Madsen and Kristensen, 2005). In this way, sick animals could be detected earlier, and treatment 
costs and losses due to a decrease in production could be lowered. Some first tests of this 
application can be found in literature, for example, for dairy cattle (González et al., 2008), sows 
(Hinrichs and Hoy, 2010) and growing-finishing pigs (Maselyne et al., 2013; Brown-Brandl et 
al., 2016). All these studies found a large inter- and intra-animal variance of behaviour, 
therefore, prediction models for abnormal behaviour due to illness were difficult to create. 
Animals that visit the detection area, but do not consume water or feed are an additional source 
of error for systems that do not record the amount of feed or water consumed.  
The results of a first monitoring experiment with more developed UHF transponder ear tags of 
a size for pigs within the frame of this research project were presented by Kapun et al. (2016). 
In this experiment, 33 growing-finishing pigs kept in an outdoor climate barn were observed 
by the UHF-RFID system at the trough, the drinker, a toy in the outdoor area and at the door to 
the outdoor area. The analysis showed that the average daily duration at the trough of pigs with 
lameness or respiratory diseases (coughing) was lower than for healthy pigs. However, the daily 
duration at the trough could not be used for prediction due to the large variance of the data of 
both healthy and sick pigs. Consequently, additional variables have to be searched for to model 
illness successfully. The analysis indicated that the use of variables connected to circadian 
rhythms, such as the duration of the night-time break, could be promising. Covariates, such as 
air temperature and humidity, also have to be considered to explain a part of the variance 
observed. 
In conclusion, health and welfare monitoring of animals seems to be possible with UHF-RFID, 
but major efforts should be made to create reliable prediction models. Online monitoring 
algorithms will only work on an animal-individual basis and should be dynamic to take changes 
of behaviour over the lifetime of an animal, social constraints and group dynamics, as well as 
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influences of environmental conditions into account. Further research in this area should 
include the collection of a sufficient amount of behavioural data, the search for predictive 
variables and the test of a broad variety of modelling and prediction methods.  
2.4 Further applications 
Due to its flexibility, UHF-RFID technology offers some additional possibilities for new 
applications that have not yet been tested. The high read range enables particularly the 
monitoring of larger areas in the barn, so that the motion activity of the animals could be 
recorded. An experiment to investigate this approach was conducted within the frame of the 
research project at the Agricultural Sciences Experimental Station of the University of 
Hohenheim (Adrion et al., 2016). Ten patch antennas of the type that was used for the 
experiment presented in Chapter 3 were mounted horizontally above a pen for growing-
finishing pigs. The pen was completely covered by this antenna grid, with each antenna 
covering an area of approximately 1.60 x 1.60 m. This method is called proximity positioning 
or cell of origin positioning (Liu et al., 2007). The position of a transponder is determined 
simply by assigning it to the position of the antenna, by which it is registered at a certain 
moment. Consequently, the maximum accuracy of such a system is determined by the distance 
between two antennas in the grid. Eight focal pigs were tagged with a UHF transponder ear tag 
of a size for pigs, developed within the project. Different levels of antenna output power and 
two mounting heights of the antennas (1.70 and 2.00 m) were tested in the experiment. The 
results showed that the definition of the sectors was insufficient and a substantial number of 
false positive registrations due to overlapping sectors were recorded. On the other hand, 
sensitivity decreased strongly at low levels of output power. This shows that it is difficult to 
read the UHF transponder ear tags from a greater distance above without generating readings 
in other sectors when the ear tags in these sectors incidentally have an optimal orientation to 
the reader. A solution for this could be an increased distance between the antennas to prevent 
overlap, accompanied by an increased risk of missing sector visits in the outer area of the 
reading field. Registrations recorded during this experiment were aggregated to sector visits of 
the pigs for further analysis. Walking distances were then calculated from these visits. Each 
change of a pig between antenna sectors added the Euclidian distance between the two sector 
centres to the walking distance calculated. The results were compared with reference data from 
video analysis. In the optimum variant, the distances calculated were 78 ± 22 % (mean ± SD) 
of the distances observed with a coefficient of determination R² = 0.77 of the linear regression 
of the distances calculated against the distances observed. This shows that this method, with 
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some improvements, could be used to monitor the activity of animals in a simple way in the 
future. The company Cattledata GmbH (Augsburg, Germany) already offers a first commercial 
application of proximity positioning with UHF-RFID to detect heat and health disorders in dairy 
cattle (Reimink, 2016). The number of sector changes of a cow is used together with group-
building of several animals to detect heat with this system. 
Another possible future application of the UHF-RFID technology is the monitoring of animal- 
and environment-related variables by integrating sensors on passive UHF transponder chips. 
Examples of such sensor tags have been shown in literature, for example, for measurement of 
body or ambient temperature (Cho et al., 2005; Vaz et al., 2010; Yin et al., 2010), air humidity 
(Virtanen et al., 2011) or light intensity (Cho et al., 2005). Systems for temperature 
measurement with ear tags that are currently on the market are using power supply from a 
battery (McCorkell et al., 2014; Griffioen and Nebel, 2016). A great advantage of the passive 
UHF sensor tags is that they can operate without battery supply and, thus, could, in principal, 
stay on the animal for their whole lifetime without any maintenance. However, measurements 
of temperature and other body parameters from the outside of the animal can be influenced by 
environmental factors and, thus, lead to misinterpretations (McCorkell et al., 2014). It is 
expected that UHF transponder chips will be available with an extremely low energy 
consumption through further development, so that the integration of even more complex 
sensors, such as accelerometers, could be feasible with simultaneously high read ranges 
(Philipose et al., 2005). In future, UHF-RFID could, in this way, be a part of integrated 
management systems that supply farmers and other members of the production chain with 
decision support information and could control production systems automatically (Frost et al., 
1997; Berckmans, 2008). Thus, the ideas of PLF and the Internet of Things could be 
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GENERAL CONCLUSIONS AND OUTLOOK 
The development of UHF-RFID components for livestock management offers a wide range of 
applications, but also brings with it some technical challenges to make the technology 
completely suitable for this field of use. The most important task currently is to develop UHF 
transponders that are less sensitive to body tissue and to adapt reader technology to the harsh 
environment and the user requirements in animal farming. This development must be 
accompanied by research to provide objective information on the development process and the 
performance of UHF systems in certain applications. Thus, the constraints of UHF-RFID also 
have to be determined to evaluate which RFID technology fits each specific application best. 
Consequently, the objectives of this thesis were chosen to contribute to the scientific 
understanding of the application of UHF-RFID in animal husbandry.  
The test bench presented facilitated measurements of the read range and RSSI of UHF 
transponder ear tags. The strong and highly variable influence of ear tissue next to the ear tags 
on these two parameters could be shown in tests with pig and cattle ears as well as tissue 
imitations. Promising results could be achieved with a transponder type whose antenna had 
been detuned to match the operating frequency of the reader under the influence of ear tissue. 
However, most measurements also showed a strong negative influence of the ears with this 
transponder type. Since many readings of the transponder ear tags in practice seem to take place 
when the ear tag is not touching the ear, the main conclusion from these experiments was that 
UHF transponder ear tags have to be developed which function well both in free air and next to 
tissue. This could be achieved by moderate detuning of the transponder antenna, with an 
omnidirectional antenna field, a broad bandwidth and highly sensitive transponder chips which 
allow for automatic tuning. The methodology of the experiments with ear tissue should be 
further improved to monitor and support this development. The placement of high-frequency 
absorbers around the test bench could lower the influence of interference on the results. 
Furthermore, the mounting of the ear tags has to be adjusted to represent the actual position of 
the ear tags on the animal better. The measurements with tissue imitations did not represent the 
results with pig ears well. The improvement of measurements with ears seems to be 
advantageous for this due to the high effort of developing a representative tissue model. 
Promising results for the application of UHF-RFID for monitoring animal behaviour were 
obtained in a first test of the technology in growing-finishing pigs. The main trough visits of 
the animals could be detected with both patch antennas and a freeform antenna. However, the 
influence of ear tissue on the readability of the UHF transponder ear tags was visible in this 
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experiment in terms of suboptimal sensitivity and simultaneously high rates of false positive 
detections. Further experiments should be carried out with a higher number of focus animals 
and at several dates during the fattening period to increase the reliability of the validation results 
and determine the influence of animal growth on the performance of the system. The 
aggregation of the RFID raw data to visits is important to ensure that the data represents the 
animal behaviour well. Further research should be conducted to determine suitable visit and 
meal criteria to support the determination of informative variables for the prediction of illness. 
Possible applications of UHF-RFID in animal husbandry include mandatory animal 
identification, behaviour and health monitoring as well as activity measurements. The 
advantages and disadvantages of UHF-RFID compared to LF- or HF-RFID for certain 
applications must be evaluated for each case. However, UHF-RFID can facilitate behaviour 
monitoring of animals especially in larger barn areas which contain multiple animals, due to its 
functional characteristics. Future research in this area should include the collection of a 
sufficient amount of behavioural data, the search for predictive variables and the test of a broad 
variety of modelling and prediction methods for health and welfare impairments. Further 
applications of the technology, such as positioning and sensor integration, and the 
implementation of the principles of the Internet of Things in livestock supply chains could 
follow.  
Although the negative influence of body tissue cannot be eliminated completely, the fast 
development of UHF-RFID technology is permanently supporting the development of UHF ear 
tags, readers and antennas for the livestock business and could make the advantages of this 
technology utilisable in the few next years (Umstatter et al., 2014; Das and Harrop, 2016). Harry 
Stockman published the first paper on “Communication by means of reflected power” in 1948 
(Stockman, 1948). Since then, tremendous technological progress has been made in RFID and 
there is still a lot of innovation to expect from this technology in the future. 
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SUMMARY 
The basic concept of precision livestock farming is the integrated monitoring and control of 
animal farming systems. A prerequisite for this is data acquisition on the level of the individual 
animal, which is only possible on a large scale by applying electronic animal identification. 
Radio-frequency identification (RFID) systems in the ultra-high frequency range (UHF, 
860 – 960 MHz) offer the possibility of simultaneous detection of transponders and a variably 
adjustable read range of more than 3 m. Thus, UHF-RFID opens a broad variety of innovative 
applications regarding electronic animal identification. Until now, these systems were, 
however, only insufficiently adapted to the operating conditions in livestock farming. 
In collaboration with industry partners, passive UHF-RFID transponders for integration into 
ear tags for cattle and pigs and readers have been developed and tested. The objective of this 
thesis was the adaption and assessment of this UHF-RFID system for livestock farming. In 
particular, 1) the construction and test of a static test bench for UHF-RFID ear tags, 2) the 
development of a method of measuring the influence of ear tissue on the performance of UHF-
RFID ear tags, and 3) the application and validation of the UHF-RFID system for monitoring 
of trough visits of growing-finishing pigs should be carried out. 
A static test bench, consisting of two linear drives, was constructed for measurement of the 
registration area and the signal strength of different UHF transponder ear tags. The drives 
facilitated positioning of the ear tags in defined orientations on a coordinate grid within the 
antenna field of a reader. The methodical pretests revealed a very good repeatability of 
measurements and a minor influence of test parameters on the results. Thus, the test bench was 
considered suitable for the test and selection of functional models of the UHF transponder ear 
tags for use in pigs and cattle. The installation of radiation-absorbing materials at certain 
locations in the surroundings of the test bench could further improve the measurement accuracy. 
The plastic of the ear tag and the ear tissue influence the readability of a UHF transponder ear 
tag strongly due to the absorption of radiation, shifting of the transponder resonance frequency 
and a change in its directional characteristic. Consequently, the transponder ear tags developed 
in the frame of the research project were tested on the test bench with fresh pig and cattle ears 
from the abattoir. The results showed a notable increase of the measurement variance and a 
decrease in read range and signal strength. However, it could also be shown that a targeted 
shifting of the resonance frequency of the transponders can reduce this effect. This means that 
there is potential for development of UHF transponder ear tags with a high reliability of 
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registration. Further optimisation of the testing procedures and validation of the results in 
practice are necessary to fully establish this measurement method as a part of UHF transponder 
ear tag development. 
The feeding behaviour of animals is an important indicator for the occurrence of illness and 
can, thus, be utilised for the automatic detection of illness. The monitoring of growing-finishing 
pigs tagged with UHF transponder ear tags at a trough for group feeding was tested in an 
experiment with two antenna variants and validated with video observation data. Furthermore, 
two methods for determination of an optimum bout criterion for the creation of visiting events 
from the raw data were compared. Sensitivity for the detection of the animals at the trough was 
between 56 and 80 %, but the percentage of the true positive registrations was only 55 to 70 %. 
The reduction of the size of the reading area would have been necessary for a more precise 
detection of the feeding behaviour. However, the general suitability of the UHF-RFID system 
for behaviour monitoring in livestock could be demonstrated. The validation in further research 
should be extended to different species, especially cattle, and to different kinds of observation 
locations to fully assess UHF-RFID technology for this application. 
The experiments supported the selection and further development of UHF transponder ear tags 
and reader antennas for application in livestock farming. A suitable test method for UHF-RFID 
technology in the fields of research covered was established and applied for the first time. It 
repeatedly became clear during the experiments that the greatest challenge for the application 
of UHF transponders in ear tags is the reduction of the sensitivity against ear tissue. In addition 
to the monitoring of animal health with UHF-RFID, further research could be carried out 
regarding the positioning of animals for measurement of motion activity, the combination of 
transponders with sensors, for example, to measure body temperature, and the utilisation of the 
technology for implementation of the Internet of Things in food supply chains. 
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ZUSAMMENFASSUNG 
Das grundlegende Konzept des Precision Livestock Farming ist die ganzheitliche Überwachung 
und Steuerung von Haltungssystemen für Nutztiere. Voraussetzung hierfür ist eine 
einzeltierbezogene Erfassung von Tierdaten, die in großem Maßstab nur durch eine 
elektronische Tierkennzeichnung ermöglicht wird. Radiofrequenzidentifikationssysteme 
(RFID) im Ultrahochfrequenzbereich (UHF, 860-960 MHz) bieten die Möglichkeit der 
Simultanerfassung von Transpondern sowie eine flexibel einstellbare Lesereichweite von mehr 
als drei Metern. Sie eröffnen so eine breite Vielfalt innovativer Anwendungen der 
elektronischen Tierkennzeichnung. Bisher wurden jedoch UHF-RFID-Systeme nur 
unzureichend an die Einsatzbedingungen in der Tierhaltung angepasst. 
In Zusammenarbeit mit Industriepartnern wurden passive UHF-RFID-Transponder zur 
Integration in Ohrmarken für Rinder und Schweine sowie Lesegeräte entwickelt und getestet. 
Ziel dieser Arbeit war die Anpassung und Bewertung dieses UHF-RFID-Systems für die 
Nutztierhaltung. Teilziele waren 1.) die Konstruktion und der Test eines statischen Prüfstandes 
für UHF-RFID-Ohrmarken, 2.) die Entwicklung einer Methode zur Messung des Einflusses 
von Ohrgewebe auf die Leistungsfähigkeit von UHF-RFID-Ohrmarken und 3.) die Anwendung 
und Validierung des UHF-RFID-Systems zur Aufzeichnung der Trogbesuche von 
Mastschweinen. 
Zur Vermessung des Erfassungsbereiches und der Signalstärke verschiedener UHF-
Transponderohrmarken wurde ein statischer Prüfstand, bestehend aus zwei Linearantrieben, 
konstruiert. Die Antriebe ermöglichten die Positionierung der Ohrmarken in definierter 
Ausrichtung auf einem Koordinatenraster im Antennenfeld eines Lesegerätes. Die 
methodischen Vorversuche ergaben eine sehr gute Wiederholbarkeit der Messungen sowie 
einen geringen Einfluss der Versuchsparameter auf die Ergebnisse. Folglich wurde der 
Prüfstand als geeignet beurteilt für die Vermessung und die Auswahl von Funktionsmustern der 
UHF-Transponderohrmarken zur Nutzung bei Schweinen und Rindern. Die Installation von 
Strahlungsabsorbern an bestimmten Positionen in der Umgebung des Prüfstandes könnte die 
Genauigkeit der Messungen weiter verbessern. 
Der Kunststoff der Ohrmarke und das Gewebe des Ohres üben durch Absorption von Strahlung, 
Verschiebung der Resonanzfrequenz des Transponders sowie Änderung von dessen 
Richtcharakteristik einen starken Einfluss auf die Lesbarkeit einer UHF-Transponderohrmarke 
aus. Aus diesem Grund wurden die im Forschungsprojekt entwickelten Transponderohrmarken 
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am statischen Prüfstand an schlachtfrischen Schweine- und Rinderohren getestet. Es zeigte sich 
hierbei eine deutliche Erhöhung der Varianz der Messungen sowie im Mittel eine Verringerung 
von Lesereichweite und Signalstärke. Ebenso konnte jedoch gezeigt werden, dass eine gezielte 
Verschiebung der Resonanzfrequenz der Transponder diesen Effekt verringern kann. Somit 
besteht Entwicklungspotential für UHF-Transponderohrmarken mit hoher 
Erfassungssicherheit. Um diese Messmethode gänzlich als Teil der Entwicklung von UHF-
Transponderohrmarken zu etablieren, ist die Optimierung der Versuchsdurchführung sowie die 
Validierung der Ergebnisse in der Praxis notwendig. 
Das Fressverhalten von Tieren ist ein wichtiger Indikator für das Auftreten von Krankheiten 
und kann somit zur automatischen Krankheitsfrüherkennung genutzt werden. In einem Versuch 
wurde die Erfassung von Mastschweinen, ausgestattet mit UHF-Transponderohrmarken, an 
einem Futtertrog für die Gruppenfütterung mit zwei verschiedenen Antennenvarianten getestet 
und mit Videobeobachtungen validiert. Es wurden außerdem zwei Methoden zur Bestimmung 
eines optimalen Aggregationskriteriums für die Bildung von Aufenthaltsereignissen aus den 
Rohdaten verglichen. Die Sensitivität des Systems für die Erfassung der Tiere am Trog lag 
zwischen 56 und 80 %, jedoch lag der Anteil der richtig positiven Erfassungen nur bei 55 bis 
70 %. Eine Verkleinerung des Lesebereiches wäre somit für eine genauere Erfassung des 
Fressverhaltens notwendig gewesen. Die generelle Eignung des UHF-RFID-Systems für die 
Überwachung des Verhaltens von Nutztieren konnte jedoch gezeigt werden. In weiteren 
Versuchen sollte die Validierung auf andere Tierarten, vor allem Rinder, und auf weitere 
Beobachtungsorte ausgeweitet werden, um die Eignung von UHF-RFID für diese Anwendung 
umfassend zu bewerten. 
Die Versuche unterstützten die Auswahl und Weiterentwicklung von UHF-
Transponderohrmarken und Lesegerätantennen für die Nutzung in der Tierhaltung. Es wurde 
erstmalig eine geeignete Testmethode für UHF-RFID-Technologie in den bearbeiteten 
Forschungsbereichen entwickelt und angewendet. Im Verlauf der Versuche wurde mehrmals 
deutlich, dass die größte Herausforderung für den Einsatz von UHF-Transpondern in 
Ohrmarken in der Minderung der Sensitivität gegenüber des Ohrgewebes besteht. Neben einer 
Überwachung der Tiergesundheit mittels UHF-RFID sind weitere mögliche Forschungsansätze 
die Lokalisierung von Tieren zur Messung der Bewegungsaktivität, die Kombination der 
Transponder mit Sensorik, beispielsweise zur Messung der Körpertemperatur, sowie die 
Nutzung der Technologie zur Implementierung des Internet der Dinge in Lieferketten für 
Lebensmittel. 
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